Introduction
============

Breast cancer (BC) is one of the most common malignancies in women worldwide and the incidence has increased continuously in recent years ([@b1-mmr-19-06-4761],[@b2-mmr-19-06-4761]). Every year, there are \~1.7 million new cases of breast cancer diagnosed globally, and \>30% of patients succumb to BC ([@b3-mmr-19-06-4761]). In spite of great advances in diagnosis and therapy for the disease, the overall 5-year survival rate for patients with BC remains low ([@b4-mmr-19-06-4761],[@b5-mmr-19-06-4761]). Thus, it is important to explore effective diagnostic biomarkers and therapeutic targets to improve the prognosis of patients with BC.

Cyclin-dependent kinases regulatory subunit 2 (CKS2) was identified in 1990, and the gene is located at chromosome 9q22 ([@b6-mmr-19-06-4761]). CKS2 is a member of the cell cycle dependent protein kinase subunits family, which is involved in cell cycle regulation ([@b7-mmr-19-06-4761],[@b8-mmr-19-06-4761]). A previous study demonstrated that CKS2 may serve critical roles in early embryonic development and somatic cell division ([@b9-mmr-19-06-4761]). Increasing numbers of studies demonstrate that CKS2 may exert functions in tumor progression. For example, Chen *et al* ([@b10-mmr-19-06-4761]) reported that CKS2 expression was increased and acted as a biomarker for predicting superficial bladder cancer progression to muscle-invasive cancer. Lin *et al* ([@b11-mmr-19-06-4761]) demonstrated that depletion of CKS2 expression compromised cell proliferation and enhanced chemotherapy-induced apoptosis in HepG2 cells. Wang *et al* ([@b12-mmr-19-06-4761]) reported that CKS2 was upregulated and correlated with poor overall survival in patients with BC.

The present study explored CKS2 expression in patients with BC based on a number of public databases, to illustrate its prognostic and potential therapeutic value. Moreover, the functions of CKS2 in BC progression were determined. The present results demonstrated that CKS2 may serve as a prognostic biomarker and potential therapeutic target in BC treatment.

Materials and methods
=====================

### Oncomine database analysis

The Oncomine gene expression array database ([www.oncomine.org](www.oncomine.org)) was used to assess the CKS2 mRNA expression levels in four BC datasets, including Sørlie Breast ([@b13-mmr-19-06-4761]), Curtis Breast ([@b14-mmr-19-06-4761]), Sørlie Breast 2 ([@b15-mmr-19-06-4761]) and The Cancer Genome Atlas (TCGA; <http://cancergenome.nih.gov/>) Breast. In the present study, CKS2 mRNA expression in BC samples and normal individuals was compared using a Student\'s t-test.

### Human Protein Atlas

CKS2 protein expression levels in BC tissues and normal tissues were reviewed in the Human Tissue Atlas (<http://www.proteinatlas.org/>) ([@b16-mmr-19-06-4761]).

### bcGenExMiner v4.0

Breast Cancer Gene-Expression Miner v4.0 (bcGenExMiner v4.0), a statistical mining tool of published annotated genomic data including 36 annotated genomic datasets and three classical mining functions: Expression, prognosis, and correlation ([@b17-mmr-19-06-4761],[@b18-mmr-19-06-4761]). The correlation between CKS2 expression and the risk of any event of relapse (AE) or metastatic relapse (MR) in patients with BC was determined by univariate Cox analysis.

### Kaplan-Meier analysis

Kaplan-Meier Plotter ([www.kmplot.com](www.kmplot.com)) is an online database including gene expression data and clinical data ([@b19-mmr-19-06-4761]). In the present study, Kaplan-Meier Plotter was used to evaluate the overall survival (OS), relapse-free survival (RFS) and distant metastasis-free survival (DMFS) of patients with BC. Individuals were separated into two groups based on median gene expression; high (≥median expression) and low expression (\<median expression).

### RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

Total RNA from BC cells was isolated using TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), according to the manufacturer\'s protocols. The complementary DNA (cDNA) was generated from 100 ng of total RNA using the PrimeScript™ Reverse Transcription kit (Takara Bio, Inc., Otsu, Japan) according to the manufacturer\'s protocols. The relative expression of CKS2 was detected using SYBR^®^ Green Master Mix (Takara Biotechnology Co., Ltd., Dalian, China) using a Step One Plus Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). qPCR was performed as follows: 94°C for 30 sec, then 30 cycles of 56°C for 30 sec and 72°C for 90 sec, and final extension at 72°C for 5 min. GAPDH was used as an endogenous control. The relative expression level of CKS2 was calculated via the 2^ΔΔCq^ method ([@b20-mmr-19-06-4761]). The primers used were as follows: CKS2; forward, 5′-CTTCGCGCTCTCGTTTCATT-3′; and reverse, 5′-CACCAAGTCTCCTCCACTCC-3′; and GAPDH; forward, 5′-GTCGATGGCTAGTCGTAGCATCGAT-3′ and reverse, 5′-TGCTAGCTGGCATGCCCGATCGATC-3′.

### Cell culture and transfection

Human BC cell lines (MCF-7, BT-474, HCC1937 and MDA-MB-231) and a normal human breast epithelial cell line (MCF-10A) were purchased from the Institute of Biochemistry and Cell Biology of the Chinese Academy of Sciences (Shanghai, China). Cells were maintained in Dulbecco\'s modified Eagle\'s medium (HyClone; GE Healthcare Life Sciences, Logan, UT, USA) supplemented with 10% fetal bovine serum (FBS; HyClone; GE Healthcare Life Sciences) at 37°C with 5% CO~2~.

Small interfering RNA (siRNA) for CKS2 and the corresponding negative controls were synthesized by Shanghai GenePharma Co., Ltd. (Shanghai, China) and transfected into the cells to a final oligonucleotide concentration of 10 nmol/l. Transfection was performed using Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) in accordance with the manufacturer\'s protocol. The siRNA sequences were as follows: si-CKS2-1, 5′-GCUGGGUUCAUUACAUGAUdTdT-3′; si-CKS2-2, 5′-CAGAACCACAUAUUCUUCUdTdT-3′, the transfection was performed 24 h prior to subsequent experiments.

### Cell proliferation assay

A Cell Counting Kit-8 (CCK8; Dojindo Molecular Technologies, Inc., Kumamoto, Japan) was used to analyze the proliferation of BC cells. In brief, cells were seeded into 96-well plates and cultured for the indicated times. Subsequently, 10 µl CCK8 solution was added and incubated for 2 h at 37°C. The absorbance at 450 nm was determined using a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA).

### Cell invasion assay

For the cell invasion assay, transfected cells (1×10^5^) in 200 µl serum-free DMEM were seeded into the upper invasion chambers (8 µm pore size; EMD Millipore, Billerica, MA, USA) coated with Matrigel, while 600 µl medium supplemented with 10% FBS was added to the lower chamber. After 48 h incubation at 37°C, cells invading the bottom of the membrane were fixed using 4% paraformaldehyde for 5 min at room temperature and stained with 0.3% crystal violet dye for 5 min at room temperature. The images were captured using a light microscope (magnification, ×100; Nikon Corporation, Tokyo, Japan).

### Western blot analysis

Total protein was from cells using radioimmunoprecipitation assay lysis buffer (Beyotime Institute of Biotechnology, Haimen, China) including 1% phenylmethanesulfonyl fluoride. The concentration of total protein was determined using a bicinchoninic acid protein assay kit (Beyotime Institute of Technology). Proteins (40 µg/lane) were separated via 10% SDS-PAGE and transferred to polyvinylidene difluoride membranes (EMD Millipore). Following blocking with 5% non-fat milk overnight at room temperature, membranes were incubated with primary antibodies against CKS2 (1:1,000; cat. no. ab240129, Abcam, Cambridge, UK), and GAPDH (1:10,000; cat. no. ab181602, Abcam) overnight at 4°C. Membranes were then incubated with a horseradish peroxidase-conjugated secondary anti-rabbit immunoglobulin G antibody (1:20,000; cat. no. sc-2004, Santa Cruz Biotechnology, Inc., Dallas, TX, USA). Bands were visualized using enhanced chemiluminescence reagent (7Sea Biotech, Shanghai, China).

### Xenograft assays in nude mice

All animal experiments were performed according to the approved protocols of the Animal Care and Use Committee at Tongji University School of Medicine (Shanghai, China). A total of 6 female BALB/c nude mice (10 weeks of age; 20--22 g; n=3 mice/group) were obtained from the Beijing Experimental Animal Research Center (Beijing, China) and were housed under specific pathogen-free conditions at 20--26°C, 40--70% humidity and a 12/12 h light/dark cycle. The mice had free access to food and water. Transfected MCF-7 cells (2×10^6^) were injected into the dorsal flanks of the animals to form a single tumor. The mice were sacrificed by dislocation of the neck following anesthetization by CO~2~ inhalation (air displacement rate, 10--30%/min) at 6 weeks following cell injection, and the tumor weights and volumes were determined. The tumor volume (V) was calculated using the following formula: V=π/6 × L × W × H; where W is width, L is length and H is height. The animal experiments performed in the present study were approved by the Animal Ethics Committee Review Board at Tongji University School of Medicine (no. T-2018-01-1197).

### Statistical analysis

All data are presented as the mean ± standard deviation from three independent experiments and the statistical analyses were performed using SPSS 18.0 (SPSS, Inc., Chicago, IL, USA). Student\'s t-tests were used for the analysis of statistical significance between two groups, and one-way analysis of variance followed by Dunnett\'s post hoc test was applied to analyze the statistical significance among three groups or more. P\<0.05 was considered as to indicate a statistically significant difference.

Results
=======

### Analysis of CKS2 expression based on Oncomine and the Human Protein Atlas database

First, CKS2 expression in 20 types of cancer was examined using the Oncomine database. The results demonstrated that CKS2 mRNA expression was notably increased in BC samples ([Fig. 1A](#f1-mmr-19-06-4761){ref-type="fig"}). According to the Sørlie Breast ([@b13-mmr-19-06-4761]), Curtis Breast ([@b14-mmr-19-06-4761]), Sørlie Breast 2 ([@b15-mmr-19-06-4761]) and TCGA Breast datasets, it was observed that CKS2 expression was notably increased in BC tissues ([Fig. 1B-E](#f1-mmr-19-06-4761){ref-type="fig"}). Moreover, the Human Protein Atlas database demonstrated that CKS2 protein expression was decreased in normal breast samples ([Fig. 2A](#f2-mmr-19-06-4761){ref-type="fig"}), and increased in BC tissues ([Fig. 2B](#f2-mmr-19-06-4761){ref-type="fig"}).

### Correlation between CKS2 expression and clinical features in patients with BC

Next, the bc-GenExMiner database was used to determine the association between CKS2 expression and clinical features in patients with BC. The results demonstrated that CKS2 mRNA expression was significantly decreased in estrogen receptor (ER)-positive and progesterone receptor (PR)-positive BC patients ([Fig. 3A and B](#f3-mmr-19-06-4761){ref-type="fig"}). However, there was no significant difference between the erb-b2 receptor tyrosine kinase 2 (HER2)-positive group and the HER2-negative group ([Fig. 3C](#f3-mmr-19-06-4761){ref-type="fig"}). In addition, it was demonstrated that CKS2 mRNA expression was significantly increased patients with BC with positive nodal status, basal-like status and triple-negative status ([Fig. 3D-F](#f3-mmr-19-06-4761){ref-type="fig"}).

### Correlation between CKS2 expression and prognosis in patients with BC

Kaplan-Meier Plotter results illustrated that high CKS2 mRNA expression was correlated with a poor OS, RFS, and DMFS in patients with BC ([Fig. 4](#f4-mmr-19-06-4761){ref-type="fig"}). The bc-GenExMiner results indicated that high CKS2 expression was associated with an increased risk of MR \[[Fig. 5A](#f5-mmr-19-06-4761){ref-type="fig"}; hazard ratio (HR)=1.32, 95% confidence interval (CI): 1.25--1.40; P\<0.0001\] and AE ([Fig. 5B](#f5-mmr-19-06-4761){ref-type="fig"}; HR=1.26; 95% CI: 1.21--1.32; P\<0.0001). The survival curve demonstrated that high CKS2 expression was associated with poor MR-free survival ([Fig. 5C](#f5-mmr-19-06-4761){ref-type="fig"}; HR=1.73; 95% CI: 1.53--1.97; P\<0.0001) and AE-free survival ([Fig. 5D](#f5-mmr-19-06-4761){ref-type="fig"}; HR=1.58; 95% CI: 1.43--1.74; P\<0.0001).

### CKS2 inhibition decreased BC cells progression

To examine the effects of CKS2 on BC progression, CKS2 expression was first determined in BC cells ([Fig. 6A](#f6-mmr-19-06-4761){ref-type="fig"}; P\<0.05). MCF-7 and MDA-MB-231 cells were selected for the functional experiments. Following si-CKS2 transfection, the expression of CKS2 was determined by RT-qPCR and western blot analyses ([Fig. 6B and C](#f6-mmr-19-06-4761){ref-type="fig"}; P\<0.05). The CCK-8 assay revealed that CKS2 inhibition significantly decreased BC cell proliferation capacity ([Fig. 6D](#f6-mmr-19-06-4761){ref-type="fig"}; P\<0.05). The Transwell invasion assay demonstrated that the invasive capability of BC cells transfected with si-CKS2 was significantly decreased ([Fig. 6E](#f6-mmr-19-06-4761){ref-type="fig"}; P\<0.05). Furthermore, the influence of CKS2 on BC cell growth was assessed *in vivo*. The results indicated that the average weights and volumes of the tumors were significantly decreased in the CKS2 knockdown group ([Fig. 6F and G](#f6-mmr-19-06-4761){ref-type="fig"}; P\<0.05).

Discussion
==========

CKS2 belongs to the mammalian cyclin kinase subunit family, which has two members: CKS1 and CKS2 ([@b21-mmr-19-06-4761]). Previous studies indicated that CKS1 was increased in various cancer types, including prostate cancer, esophageal squamous cell carcinoma, nasopharyngeal carcinoma and glioma ([@b22-mmr-19-06-4761]--[@b25-mmr-19-06-4761]). The effects of CKS1 have been studied thoroughly; however, the roles of CKS2 remain unclear.

A previous study reported that the expression of CKS2 was increased in bladder cancer and associated with cancer progression ([@b9-mmr-19-06-4761]). In the present study, the Oncomine database revealed that CKS2 mRNA expression was markedly increased in invasive ductal breast carcinoma, apocrine breast carcinoma, invasive breast carcinoma, and mixed lobular and ductal breast carcinoma. The Human Protein Atlas database indicated that CKS2 protein expression was significantly increased in BC tissues. Additionally, the bc-GenExMiner database revealed that high CKS2 expression was correlated with ER-positive, PR-positive, positive nodal and positive basal-like status, indicative of fast-growing invasive tumors. These data indicated that CKS2 may serve critical roles in BC tumorigenesis.

Kaplan-Meier Plotter analysis demonstrated that high CKS2 mRNA expression was associated with poor OS, RFS and DMFS in patients with BC. In addition, bc-GenExMiner analysis revealed that high CKS2 expression was associated with a higher risk of MR and AE. Survival curve analysis revealed that high CKS2 expression was associated with poor MR-free survival and AE-free survival in patients with BC. These data suggested that CKS2 may act as a potential prognostic biomarker in BC.

Next, the roles of CKS2 in BC tumorigenesis were investigated. *In vitro* functional assays revealed that CKS2 inhibition significantly decreased BC cell proliferation and invasion capacity compared with the si-NC group. Moreover, the *in vivo* assay revealed that the average weights and volumes of the tumors were significantly decreased in the CKS2 knockdown group. Therefore, the present data suggested that CKS2 may act as an oncogene in BC. Kang *et al* ([@b26-mmr-19-06-4761]) reported that CKS2 was significantly upregulated in gastric cancers and promoted cell growth by decreasing p53 and p21^cip1^ expression. Additionally, Ji *et al* ([@b27-mmr-19-06-4761]) revealed that increased expression of CKS2 was associated with hepatocellular carcinoma cell proliferation and downregulated the expression of phosphatase and tensin homolog. Future experiments should investigate whether CKS2 promotes the proliferation of BC cells via similar mechanisms.

In conclusion, the present study identified that CKS2 may act as a novel potential oncogene in BC, serving important roles in cell proliferation and invasion; however, the research had the following limitations. Firstly, the data on the expression of CKS2 in BC and its association with clinical features were obtained from bioinformatics, and require further analysis in BC samples. Secondly, the underlying mechanisms of the association between CKS2 and cell proliferation and invasion remain to be investigated. Future studies will aim to determine these underlying mechanisms to identify approaches by which CKS2 may be targeted in the treatment of BC.
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![CKS2 mRNA expression in malignant tumors based on the Oncomine database. (A) The mRNA expression of CKS2 in different types of cancers. The mRNA expression of CKS2 was upregulated across the whole set of BC tissues compared with normal controls in four datasets from the Oncomine database: (B) Sorlie Breast; (C) Curtis Breast; (D) Sorlie Breast 2; and (E) The Cancer Genome Atlas Breast. CKS2, cyclin dependent kinases regulatory subunit 2.](MMR-19-06-4761-g00){#f1-mmr-19-06-4761}

![CKS2 protein expression in BC tissues from the Human Protein Atlas database. (A) IHC staining for CKS2 in 2 cases of normal breast tissues (a and b). (B) IHC staining for CKS2 in 6 cases of BC (a-f). Magnification, ×20. BC, breast cancer; IHC, immunohistochemistry; CKS2, cyclin dependent kinases regulatory subunit 2.](MMR-19-06-4761-g01){#f2-mmr-19-06-4761}
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Association between CKS2 mRNA expression and clinical features in patients with breast cancer. (A) ER status; (B) PR status; (C) HER2 status; (D) nodal status; (E) basal-like status; and (F) TNBC. ER, estrogen receptor; PR, progesterone receptor; HER2, erb-b2 receptor tyrosine kinase 2; TNBC, triple negative breast cancer; N, node; CKS2, cyclin dependent kinases regulatory subunit 2.
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![Kaplan-Meier plotter reveals the prognostic value of CKS2 mRNA expression in patients with BC. High CKS2 expression was associated with (A) poor OS, (B) poor RFS, and (C) poor DMFS in patients with BC. OS, overall survival; RFS, recurrence-free survival; DMFS, distant metastasis-free survival; BC, breast cancer; CKS2, cyclin dependent kinases regulatory subunit 2; HR, hazard ratio.](MMR-19-06-4761-g04){#f4-mmr-19-06-4761}

![High CKS2 expression is associated with improved AE-free and MR-free survival in patients with BC based on Gene-Expression Miner v4.0. The forest plots illustrate univariate Cox analysis of CKS2 expression and the risk of (A) AE or the risk of (B) MR in patients with BC. Kaplan-Meier survival analysis revealed the association between CKS2 expression and (C) AE-free survival and (D) MR-free survival in patients with BC. AE, any event of relapse; MR, metastatic relapse; CKS2, cyclin dependent kinases regulatory subunit 2; BC, breast cancer; HR, hazard ratio; CI, confidence interval.](MMR-19-06-4761-g05){#f5-mmr-19-06-4761}

![CKS2 inhibition reduces BC progression. (A) RT-qPCR was used to determine CKS2 expression in BC cell lines (MCF-7, BT-474, HCC1937 and MDA-MB-231) and the normal breast epithelial cell line MCF-10. (B) RT-qPCR and (C) western blotting were used to test the transfection efficiency of si-CKS2. (D) CCK-8 and (E) Transwell invasion assays were used to explore the impacts of si-CKS2 on cell viability and invasion ability (magnification, ×100). The effects of CKS2 knockdown on (F) tumor size and (G) weight were examined *in vivo*. \*P\<0.05 vs. respective control. RT-qPCR, reverse transcription-quantitative polymerase chain reaction; si, small interfering; CKS2, cyclin dependent kinases regulatory subunit 2; BC, breast cancer; NC, negative control; OD, optical density.](MMR-19-06-4761-g06){#f6-mmr-19-06-4761}
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